Crustacean remains from the Tarioba shell mound (Sambaqui da Tarioba) archaeological site were investigated in order to produce a reference inventory of this taxonomic group. Information on past crustacean diversity is important for establishing baselines on biodiversity, as well as recovering paleoenvironmental information and comprehension of evolutionary change patterns for the Brazilian coast. The archaeological site was excavated by delayering the soil by artificial 10 cm sections which revealed five archaeological stratigraphic layers. A sample of mollusk shells for each of these layers was used for dating based on the C 14 method. The results show an occupation period of 550 yr for the Tarioba shell mound, with dates ranging between 4,070 cal BP (beginning of occupation) and 3,520 cal BP (occupation ending) and record nine species of crustaceans from the shell mound. However, a reduction of biodiversity over time was found that was not statically significant. Therefore, it seems that patterns of composition, richness and distribution of crustaceans have been stable in the last 4,070 years BP.
INTRODUCTION
Shell mounds are archaeological sites found in almost all coastal areas around the world. They are recognized as artificial constructions built by prehistoric peoples (Stein 1992; DeBlasis et al. 2007; Scheel-Ybert et al. 2009; Villagran and Giannini, 2014) . In Brazil, particularly in the states of Espírito Santo and Santa Catarina, there are hundreds of shell mounds that attest the human occupation of the coast between 8,000 to 1,000 years BP (before present) (DeBlasis et al. 1998 (DeBlasis et al. , 2007 Lima et al. 2002 Lima et al. , 2003 . The large volume and the frequent concentration of human burials inside mounds led researchers to interpret their formation as building endeavors, although their function is still a matter of debate (DeBlasis et al. 1998; Villagran and Giannini 2014) . Shell mounds are found near embayments, such as bays and lagoons, in the interface between marine and terrestrial, or salt-and freshwater environments (DeBlasis et al. 2007 ), localities which show high biotic productivity, harboring a high density and diversity of life forms.
Abundant biological remains in shell mounds indicate the use of mollusks, crustaceans, sea urchins, fishes, birds and mammals in prehistoric human culture (Stein 1992; Figuti 1993; Gaspar 2000; Lima 2000; Villagran and Giannini 2014) . Furthermore, biological remains in shell mounds provide information on the diversity of flora and fauna of sites at the time of the creation of mounds from late Holocene (Fürsich 1995; ScheelYbert et al 2006; Lindbladh et al. 2007; Froyd and Willis 2008; Villagran and Giannini 2014) . Thus, based on archaeozoological research on shell mounds, it is possible to retrieve important information on biodiversity that was subject to prehistoric human activities (Reitz and Wing 2008) .
The Tarioba shell mound (Sambaqui da Tarioba) archaeological site was discovered in 1967. The first phase of excavation took place only in 1998-1999. As a result, the Sambaqui da Tarioba Museum was created, presenting an in situ sample of the material recovered during the excavation. Information on dating from this research record ages ranging from 3,620 to 3,440 years BP (Dias 2001 Delayering of the soil was done by artificial 10 cm sections which revealed five archaeological stratigraphic layers (Figure 2 ). The layers were sequentially labeled from 1 (L1) to 5 (L5). Sediment was collected with mason's trowel, spatula, brush, and shovel and deposited in buckets. All material was sorted, packaged, labeled and sent to the Laboratório de Genética Marinha e Evolução, Universidade Federal Fluminense, where it brasiliana (Lamarck, 1818) and charcoal from fireplaces in sequential layers. Radiocarbon dating analysis and a statistical model developed using OxCal software, indicate that the settlement occupation begun most probably around 3,800 cal BP and lasted for up to five centuries.
Regarding the biological diversity, the Tarioba shell mound has a malacological inventory of 47 species, including bivalves and gastropods (Souza et al. 2010 ). Faria and collaborators using taxonomic distinctness tests were able to demonstrate that such inventory is not statistically different from a random sample of species from that locality (Faria et al. 2014) ; therefore, they concluded that the Tarioba shell mound is a good repository of information on the Late Holocene biodiversity of the region.
In the present study, remains of crustaceans from the Tarioba shell mound were investigated in order to produce a reference inventory of this taxonomic group. Informaiton on past crustacean diversity is important to establish baselines on biodiversity, as well as recovering paleoenvironmental information and comprehension of evolutionary change patterns for the Brazilian coast in the last 4,000 years.
MATERIALS AND METHODS
The Tarioba shell mound is located in the municipality of Rio das Ostras, state of Rio de Janeiro, Brazil (22°31ʹ40ʺ S, 041°56ʹ22ʺ W) ( Figure 1 ). All necessary permissions have been obtained from the Instituto do Patrimônio Histórico e Artístico Nacional (IPHAN) for (2006) protocol, samples were dried naturally, without the aid of ovens, in order to avoid sudden water loss which might cause an increase in fragmentation and hamper identification. The crustacean material classification was done by comparisons with the collection of decapods from the Museu de Zoologia Universidade de São Paulo. After identification, the voucher specimens were deposited in the collection of the Laboratório de Genética Marinha e Evolução (Niterói, RJ) and the remaining material will be deposited in the Instituto de Arqueologia Brasileira (IAB). Classification of the species in families was based on De Grave et al. (2009) .
An accumulation curve test was performed in order to determine the minimum number of sampled bucks necessary to recover the maximum number of species per archaeological stratigraphic layer. Species richness was calculated for each archaeological stratigraphic layer dividing the number of species in the layer by the total number of species found for the shell mound. Frequency of occurrence for each species was calculated over all layers. These calculations were performed with Microsoft Office Excel 2007. To test the significance of species richness between the archaeological stratigraphic layers it was used a Kruskal-Wallis test with the software PAST 2.08 (Hammer et al. 2001) .
A sample of shells of the bivalve Iphigenia brasiliana for each of the archaeological stratigraphic layers were taken and sent for dating based on the C 14 method (Beta Analytic, Miami, Florida, USA) using the AMS technique (Accelerator Mass Spectrometry).
RESULTS
The accumulation curve test showed a sampling sufficiency only for L3 and L4. Crustacean remains for all layers consisted of 1,263 pieces, most of them chelae. These pieces represented nine species from eight families: Callinectes danae Smith, 1869 and Callinectes sapidus Figure 3 shows vouchers specimens with their numbers and morphological characters used for species identification.
Regarding the diversity of species, Layer 1 (L1) showed the highest species richness (R SPP = 1.0) while the others showed R SPP = 0.88 (Table 1) . The most common species were Callinectes danae, Callinectes sapidus, Ucides cordatus, Cardisoma guanhumi, Goniopsis cruentata and Panopeus austrobesus present in all archaeological layers. The species with lower frequency of occurrence was Mithrax hispidus (F=0.4), present only in L1 and L5 ( Table 2) .
The radiocarbon dating allowed predicting an occupation time for the Tarioba shell mound site which lasted 550 yr, ranging between 4,070 cal BP (beginning of occupation) and 3,520 cal BP (occupation ending). The five archaeological stratigraphic layers showed no chronological coherence (Table 1 ). The top layer (L1) was dated as the oldest (4,070 to 3,730 BP) and the layer L3 was the most recent (3,790 to 3,520 BP).
Comparing the species richness obtained for each archaeological stratigraphic layer it is possible to identify a decrease in species richness over time. These data could indicate that the collection of resources held by fisher-hunter-gatherers could be jeopardizing the resources or that as vestiges of building material, funerary offerings or feastings, some absences are due to careful human choices. However, the Kruskal-Wallis statistical test indicated that this difference is not significant (p = 0.9922).
DISCUSSION
A peculiar and quite evident feature of archaeological sites is the fact that they are artificial accumulation of organisms; therefore, the set of organisms found in these sites represents a biased sampling of the natural biological communities. Factors as diverse as culture, preferences, technical level, food taboos and the way materials were discarded and utilized certainly played a relevant role on the composition of the fauna found in shell mounds. Another consideration is the differences of preservation potential of species in these sites (Prummel and Heinrich 2005) . However, a recent study of mollusks from excavation discards at the Tarioba shell mound site revealed that the malacological taxonomic diversity recovered for this shell mound was representative of the present day mollusk diversity in the coast of Rio de Janeiro state. This result was obtained by means of taxonomic distinctness (AvTD) and variation in taxonomic distinctness (VarTD) tests (Faria et al. 2014) .
Results obtained from Macario et al. (2014) allowed for predicting an occupation time not exceeding 500 yr for this site, with dates ranging between 3,818 and 3,160 BP, quite similar to the results found here and different from that found in dating carried out by Dias (2001) . The chronological irregularity of the five archaeological stratigraphic layers was also found by Macario et al. (2014) . Shell mounds are human constructions; therefore, reworking of their building material is possible and that can explain the fact that layers are not arranged chronologically. Villagran and Giannini (2014) in using shell mounds as environmental proxies recognized evidences of shell mounds being built after reworking of debris deposited close by and natural sediments from the surroundings. Moreover, the Tarioba shell mound site has been being destroyed by intense urbanization since its discovery in 1967. During the time of its first excavation, which took place in 1998-1999, two-thirds of the site had already been destroyed. Therefore, besides the reworking of their building material during their construction it is also not possible to disregard the effects of recent human activities in the area due to urbanization.
In conclusion, the data obtained allowed predicting an occupation time of 550 yr for the Tarioba shell mound, with dates ranging between 4,070 cal BP (start of occupation) and 3,520 cal BP (end of occupation) and a record of nine species of crustaceans. An apparent reduction of crustacean diversity over time was not statically significant and points to no evolution of the patterns of composition, richness and distribution of crustacean biodiversity in the Rio das Ostras region in the last 4,070 years BP.
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